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INTRODUCTION

With disastrous effects on ecosystems, economies, and human societies, the growing effects of
climate change have emerged as one of the 21st century's most urgent issues. The excessive
buildup of greenhouse gases (GHGs) in the atmosphere, especially carbon dioxide (CO»), as a
result of human activity, is one of the main causes of global warming. The primary sources of
these greenhouse gases are fossil fuels, such as coal, oil, and natural gas, which are burned for
transportation, industry, heating, and electricity production. Because of the extensive use of
carbon-intensive energy sources, the amount of CO: in the atmosphere has increased to levels
never seen before in human history. The energy sector is a major focus of efforts to slow down
climate change because, according to the Intergovernmental Panel on Climate Change (IPCC),
emissions from burning fossil fuels make up around 75% of global GHG emissions. A major
threat to biodiversity and human welfare, the resulting increase in global temperatures is
accelerating sea level rise, intensifying extreme weather events, and seriously disrupting
weather patterns.

It is crucial to lower the carbon footprint linked to energy production in order to lessen these
risks. The total amount of CO: and other GHGs released as a result of human activity,
especially in industries that rely significantly on fossil fuels, is referred to as a carbon footprint.
The shift to renewable energy sources has become a key tactic in international efforts to tackle
climate change. With the potential to drastically lower carbon emissions, renewable energy—
which includes solar, wind, hydropower, biomass, and geothermal energy—offers a practical
and sustainable substitute for fossil fuels. Renewable energy systems play a key role in
decarbonizing the energy sector and attaining long-term environmental sustainability because,
in contrast to conventional energy sources, they emit little to no greenhouse gases while in
operation.

Meeting the global climate goals established by the 2015 Paris Agreement, which aim to keep
the increase in global temperature to well below 2°C over pre-industrial levels, with efforts to
keep it to 1.5°C, depends on the use of renewable energy. Since renewable energy technologies
can directly replace fossil fuels in transportation, industrial processes, and electricity
generation—all of which account for the majority of carbon emissions—they are viewed as
essential enablers of this goal. Making the switch to cleaner energy systems promotes energy
security, economic expansion, and environmental preservation in addition to lowering global
emissions.

The switch from fossil fuels to renewable energy is not without its difficulties, despite the
potential and promise of renewable energy. These include the high initial capital costs needed
to build renewable energy infrastructure, as well as technical obstacles like intermittency,
which occurs when renewable energy sources like solar and wind are not always available. A
lack of access to clean technologies, weak policy frameworks, and well-established fossil fuel
industries are just a few of the political and economic obstacles that many nations must
overcome. Strong policy frameworks, concerted international efforts, and large R&D
expenditures are needed to address these issues.

By analyzing the potential of different renewable energy sources to replace fossil fuels and
reduce carbon emissions, this paper aims to investigate the role of renewable energy in

© 2023 The Authors, Published by (PHJSSH). This is an Open Access Article under the Creative
Common Attribution Non-Commercial 4.0 (http://creativecommons.org/licenses/by/4.0/) Page |20



http://www.phjssh.lexarcheus.com/
http://creativecommons.org/licenses/by/4.0/

Prismatic Horizons: Journal of Social Science and Humanities
ISSN: 2583-9284

Vol : 01, No. 02, Apr-Jun, 2023

www.phjssh.lexarcheus.com

lowering the carbon footprint. It will also assess the tactics that can improve the deployment
of renewable energy technologies and highlight the political, economic, and technological
hurdles to the widespread adoption of renewables. The goal of the paper is to clearly explain
the vital role that renewable energy plays in reducing climate change and accomplishing
sustainable development goals by thoroughly examining the environmental, technological, and
policy aspects.

2. Comprehending Climate Change and the Carbon Footprint

Understanding how human activity affects the environment, especially in light of climate
change and global warming, requires an understanding of the concept of a carbon footprint.
The total quantity of carbon dioxide (CO2) and other greenhouse gases (GHGs) released, either
directly or indirectly, by a person, group, or nation as a result of their operations is known as
their "carbon footprint." CO.-equivalent emissions, which aggregate the different GHGs
according to their potential to cause global warming, are commonly used to express this
measurement. Burning fossil fuels like coal, oil, and natural gas for transportation, industrial
processes, heating, and electricity generation is the main cause of these emissions. The main
cause of climate change is the greenhouse effect, which is caused by the massive emissions of
CO., a greenhouse gas that traps heat in the atmosphere.

Long-term changes in temperature, weather patterns, and atmospheric conditions that take
place globally are referred to as climate change. Although climate variability is a natural
phenomenon, human activity—specifically, the rise in greenhouse gas emissions—is primarily
responsible for the current phase of rapid global warming. Around 75% of global GHG
emissions are caused by burning fossil fuels for energy production, which has been found to
be the main contributor to rising CO: levels. A steady rise in global temperatures has resulted
from the ensuing increase in atmospheric CO-, which has also caused the polar ice caps to melt,
sea levels to rise, and extreme weather events like heatwaves, hurricanes, and floods to occur
more frequently and with greater severity. Food security, water supplies, and the livelihoods
of vulnerable groups are all at risk due to these environmental disturbances, which are also
harming ecosystems and biodiversity, especially in low-lying coastal regions and developing
nations.

Global temperatures have already risen by 1.2°C above pre-industrial levels due to the buildup
of GHGs in the atmosphere, and this trend is expected to continue if present emission patterns
are not changed. More severe droughts, forest fires, ecosystem changes, and altered
precipitation patterns that impact water supplies and agriculture are just a few of the serious
effects of this continuous warming on the planet. Because heat stress and air pollution
exacerbate respiratory conditions, heat-related illnesses, and the spread of infectious diseases,
the effects of climate change are also making human health risks worse.

As a result, cutting carbon emissions has emerged as a key goal in the fight against climate
change. In order to slow down climate change and avoid the worst-case scenarios of global
warming, it is imperative that GHG emissions be reduced. A combination of energy efficiency
initiatives, modifications to consumption habits, and a shift to renewable energy sources can
result in a notable decrease in emissions. Solar, wind, hydropower, biomass, and geothermal
energy are examples of renewable energy technologies that are thought to be essential for
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lowering the carbon footprint associated with energy production and consumption. Renewable
energy sources are essential instruments for reducing the environmental impact of energy use
because, in contrast to fossil fuels, they emit little to no carbon dioxide while in operation.
Beyond the energy industry alone, renewable energy plays a part in lowering carbon emissions.
Decarbonizing other industries, transportation, and home heating is also crucial. For instance,
one of the best strategies to lower the transportation sector's carbon footprint is to electrify it
with renewable energy-powered electric cars. In a similar vein, using renewable energy for
industrial operations like making steel or cement can drastically reduce the emissions linked to
these energy-intensive processes.

Clear goals have been established by international agreements, like the Paris Agreement, to
limit the increase in global temperatures and lower carbon emissions. In order to achieve the
required emissions reductions, these agreements highlight the necessity for nations to invest in
renewable energy technologies, encourage energy efficiency, and make the transition to low-
carbon energy systems. In addition to significant investments in clean energy infrastructure and
technological innovation, governments, businesses, and individuals must work together to
achieve the objectives of these agreements. All things considered, promoting the global shift
to a sustainable, low-carbon future that lessens the negative effects of climate change and
guarantees the welfare of future generations requires an understanding of the connection
between carbon footprints, climate change, and renewable energy sources.

3. Renewable Energy Source Types

Because they emit little to no greenhouse gases while in operation, renewable energy sources
are thought to be environmentally sustainable. They also naturally replenish over time. Solar,
wind, hydropower, biomass, and geothermal energy are the primary forms of renewable
energy. Each of these energy sources has its own advantages and disadvantages and uses
natural processes to produce power. We will look more closely at each of these renewable
energy sources here.

3.1 Solar Power

Using solar technologies, mainly photovoltaic (PV) cells and solar thermal systems, solar
energy captures the power of sunlight to produce heat or electricity. One of the most plentiful
and quickly expanding renewable energy sources is solar power; in just one hour, the sun gives
the planet more energy than it consumes in a year. Using semiconductor materials that generate
an electric current when exposed to sunlight, photovoltaic solar panels directly convert sunlight
into electricity. In contrast, solar thermal systems use sunlight to heat a fluid, which is then
used to produce steam and power turbines to produce electricity or for direct heating in homes
and businesses.

There are many benefits to solar energy. It is a potentially endless resource because it is widely
available, particularly in areas with year-round high levels of sunlight. After installation, solar
energy systems are incredibly inexpensive to operate and emit no emissions, making them a
clean energy source. Solar power's intermittency—the lack of sunlight at night or in overcast
conditions—and the requirement for sizable land areas for utility-scale solar farms, particularly
in densely populated areas, are its primary drawbacks. However, the feasibility of solar energy
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keeps getting better thanks to technological developments in energy storage, such as battery
storage systems, and the integration of solar power with smart grids.

3.2 Wind Power

Wind turbines are used to transform the kinetic energy of the wind into electrical power. Large
blades on wind turbines rotate in response to wind, powering a generator that generates
electricity. Particularly in areas with steady, powerful winds, wind energy is one of the
renewable energy sources with the fastest rate of growth in the world. Both onshore and
offshore wind farms have the capacity to produce significant amounts of electricity. Compared
to onshore turbines, offshore wind farms, which are situated in bodies of water, can produce
more energy because their winds are typically faster.

Wind energy's main benefit is its minimal impact on the environment. Compared to other
methods of producing electricity, wind turbines use less water and don't release greenhouse
gases while in operation. From tiny residential turbines to enormous commercial wind farms,
wind energy is also very scalable and adaptable. However, because wind speeds vary, wind
power is sporadic, just like solar energy. Concerns regarding wind farms' effects on local
wildlife, particularly birds and bats, as well as the aesthetic preferences of surrounding
communities may also lead to opposition. Notwithstanding these obstacles, wind energy
remains a significant part of the renewable energy mix in many nations, and improvements in
grid integration and turbine technology are raising its dependability and efficiency.

3.3 The use of hydropower

One of the earliest and most popular types of renewable energy is hydropower, also known as
hydroelectric power. It involves using the flow of water to generate electricity, usually via dams
that store water in reservoirs. After being released, the water passes through turbines, which
rotate and power generators to create electricity. More than 90% of the energy in flowing water
can be converted into electricity in modern hydropower plants, demonstrating its extraordinary
efficiency. Large-scale dams, smaller run-of-river plants, and pumped storage facilities are
among the various kinds of hydropower plants. The main benefit of hydropower is its capacity
to consistently produce large amounts of electricity because plants can supply a steady supply
of power and water flow can be regulated. Energy storage is another application for
hydropower, especially in pumped storage plants, where surplus energy is used to move water
to a higher reservoir, where it can be released to produce electricity during periods of high
demand. Large hydropower facilities, however, may have detrimental effects on the
environment and society. Dam construction has the potential to uproot communities, change
river systems, and disturb regional ecosystems. Additionally, the use of hydropower may be
restricted in some places due to its location-dependence, which necessitates the availability of
rivers and suitable topography.

3.4 Energy from Biomass

Wood, agricultural waste, animal feces, and other organic materials are the sources of biomass
energy. Heat can be generated by burning these materials directly or by using chemical
processes to transform them into biofuels like ethanol or biodiesel. Power plants can also use
biomass to produce electricity. Although burning biomass releases carbon dioxide, this process
is regarded as carbon-neutral because the carbon dioxide released is balanced by the carbon
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that plants absorb during growth. Fuels made from biomass can be solid, liquid, or gaseous.
The main benefit of biomass energy is its ability to generate energy from waste materials, such
as municipal solid waste and agricultural residues, which helps to reduce waste and landfill
usage. Additionally, biomass can be used as a renewable energy source for transportation fuel,
electricity, and heating. However, there are certain environmental issues with biomass,
especially when it comes to land use and deforestation if it is sourced in an unsustainable
manner. Furthermore, the energy needed to process and transport biomass materials may result
in emissions, which could lessen the overall environmental benefits. The efficiency of the
energy conversion processes and the sourcing of the raw materials determine how sustainable
biomass energy is.

3.5 Energy from Geothermal Sources

Geothermal energy produces direct heating and electricity by harnessing heat from beneath the
surface of the Earth. Drilling wells into the Earth's crust allows geothermal power plants to
access subterranean reservoirs of hot water and steam. Electricity is then produced by using
the steam to power turbines that are connected to generators. District heating, which distributes
hot water from geothermal sources via pipes to heat buildings, greenhouses, and industrial
operations, is another application for geothermal energy.

Reliability is one of the main benefits of geothermal energy; unlike solar and wind, geothermal
energy is not sporadic because the heat from the Earth is always present. Additionally,
geothermal plants emit little to no greenhouse gases while in operation and have a very small
land footprint. The high upfront costs of drilling and the location-specificity of geothermal
resources are the primary obstacles to geothermal energy. In areas with high volcanic activity,
like Iceland, the US (particularly in states like California), and portions of New Zealand and
the Philippines, geothermal plants work best. Additionally, even though geothermal energy is
clean in and of itself, the drilling process may release trace amounts of gases like hydrogen
sulfide, which could have an adverse effect on the environment.

4. Renewable Energy’s Potential to Lower Carbon Emissions

Technologies for renewable energy have a significant chance of lowering carbon emissions
worldwide. The International Renewable Energy Agency (IRENA) estimates that by 2050,
renewable energy could generate more than 80% of the world's electricity, resulting in a 70%
decrease in carbon emissions associated with energy use. Numerous studies demonstrate how
renewable energy can:

* Displace Fossil Fuels: Emissions from heating, transportation, and electricity production can
be greatly decreased by switching to renewable energy sources from coal, natural gas, and oil.
* Decarbonize Sectors: In addition to producing electricity, renewable energy is crucial for
reducing the carbon footprint of industry (renewable heat), transportation (electric vehicles),
and residential energy use (solar water heaters, etc.).

* Carbon Sequestration: Carbon sequestration is another benefit of renewable energy. Carbon
emissions can be offset, for instance, by reforestation and bioenergy with carbon capture and
storage (BECCS).

5. Difficulties in Growing Renewable Energy
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Although renewable energy has a lot to offer in terms of lowering carbon emissions, a number
of obstacles prevent its widespread use:

* Intermittency and Storage: Renewable energy sources, like wind and solar, are not always
available. To overcome this obstacle, efficient energy storage technologies (such as batteries
and pumped hydro) are needed.

* High Initial Costs: Despite the fact that renewable energy technologies are now much less
expensive, infrastructure like wind turbines and solar farms may require a sizable initial capital
investment. This presents a challenge, particularly for developing nations.

» Market and Policy Barriers: To encourage the use of renewable energy, governments must
offer sufficient incentives, such as tax credits or subsidies. Renewable energy finds it
challenging to compete on an equal basis in many areas due to the strong bias toward fossil
fuels in current energy policies.

» Land and Resource Use: Because large-scale renewable energy projects like wind turbines
and solar farms need a lot of land, there may be conflicts over land use, especially in areas with
high biodiversity or dense populations.

6. The Role of Policy in Promoting Renewable Energy

Government policies play a crucial role in driving the transition to renewable energy. The
implementation of supportive policies, such as feed-in tariffs, renewable energy mandates, tax
incentives, and carbon pricing, is vital to accelerating the adoption of clean energy
technologies. Additionally, international agreements such as the Paris Agreement provide a
global framework for nations to commit to reducing their carbon emissions through renewable
energy investments.

Countries that have led in renewable energy adoption, such as Denmark, Germany, and China,
have demonstrated the importance of long-term policy frameworks, investments in research
and development, and collaboration between the public and private sectors.

7. CONCLUSION

The transition to renewable energy is essential for reducing the global carbon footprint and
mitigating the adverse effects of climate change. As the primary source of greenhouse gas
emissions, the energy sector plays a pivotal role in the drive toward a sustainable, low-carbon
future. Renewable energy sources solar, wind, hydropower, biomass, and geothermal—offer
viable, clean alternatives to fossil fuels, with the potential to significantly lower carbon
emissions across multiple sectors, including electricity generation, transportation, and
industrial processes. Each renewable energy source has its own set of advantages and
challenges, from the intermittent nature of solar and wind to the environmental and social
impacts of large-scale hydropower projects. Despite these challenges, advancements in
technology, energy storage, and grid integration are continually improving the feasibility and
effectiveness of renewable energy systems. The transition to renewables, however, requires
comprehensive policy support, substantial investments, and coordinated global efforts.
Governments must implement strong policies that incentivize renewable energy adoption,
support innovation, and ensure the fair distribution of benefits across different regions.
International cooperation is also crucial, as climate change is a global problem that requires a
collective response. While the path to widespread renewable energy adoption is complex, the
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benefits—reduced carbon emissions, improved energy security, and the creation of sustainable
jobs—are undeniable. Ultimately, accelerating the shift to renewable energy is not only vital
for achieving climate goals but also for building a resilient and equitable energy system that
meets the needs of future generations.
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